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ha
MaOBJECTIVES The aim of the study was to assess interobserver agreement (IOA) between 3 observers from
2 laboratories.
BACKGROUND IOA of left ventricular hypertrabeculation/noncompaction (LVHT) in adults has only been studied
within single echocardiographic laboratories.
METHODS Echocardiographic recordings with and without LVHT were selected and anonymized. The “not-LVHT”
cases were matched for age and systolic function. Each observer reviewed the recordings, blinded to the initial
diagnosis and the other observers’ results. Pre-deﬁned criteria for LVHT were: 1) >3 prominent trabeculae at
end-diastole, distinct from papillary muscles, false tendons, or aberrant bands; 2) a noncompacted part of a 2-layered
myocardial structure formed by these trabeculations; 3) a ratio of >2:1 of noncompacted to compacted layer at
end-systole; and 4) perfusion of the intertrabecular spaces from the ventricular cavity. IOA was estimated using the
kappa measure of concordance.
RESULTS Cine-loops of 100 patients (42 women, ages 16 to 92 years), 50 from each center, and 51 with LVHT as the
initial diagnosis, were reviewed. The left ventricular end-diastolic diameter was 32 to 78 mm, and ejection fraction, 4% to
88%. The observers agreed about presence (n ¼ 29) or absence (n ¼ 36) of LVHT and disagreed in 35 cases. Agreement
was higher among the 2 observers from the same laboratory (kappa 0.793 [95% conﬁdence interval (CI): 0.672 to
0.915]) than from different laboratories (kappa 0.628 [95% CI: 0.472 to 0.784], kappa 0.669 [95% CI: 0.521 to 0.818]).
The observers agreed with the initial report of LVHT-presence in 53% and of absence in 67%. By reviewing the discordant
cases, consensus was achieved about LVHT presence (n ¼ 8) or absence (n ¼ 16); in 11 cases, the diagnosis remained
questionable. Discordance was due to poor image quality, lack of views in different apical planes, aberrant bands and
chordae tendineae, abnormally sized or inserting papillary muscles, and localized calciﬁcations of the endocardium.
CONCLUSIONS IOA was substantial for diagnosing LVHT. However, even the application of pre-deﬁned criteria yielded
disagreement in 35% of cases; and after mutual review, there were still 11% questionable cases. (J Am Coll Cardiol Img
2015;8:1252–7) © 2015 by the American College of Cardiology Foundation.L eft ventricular hypertrabeculation/noncom-paction (LVHT), also termed “spongy myocar-dium” or “persisting sinusoids,” is a cardiac
abnormality of unknown etiology, classiﬁed as “pri-
mary genetic cardiomyopathy” by the American Heart
Association or as “unclassiﬁed cardiomyopathy” by
the European Society of Cardiology (1,2). The ﬁrstm the *Krankenanstalt Rudolfstiftung, Vienna, Austria; yKlinikum Wo
iversity Hospital, Institute of Medical Biometry and Informatics, Heidelb
ve no relationships relevant to the contents of this paper to disclose.
nuscript received March 12, 2015; revised manuscript received April 20, 2case of the isolated form of LVHT including the echo-
cardiographic appearance was reported in 1984 (3).
LVHT is echocardiographically characterized by an
increased number of left ventricular trabeculae and a
2-layered myocardial structure, with an outer com-
pacted and an inner noncompacted layer. Though
some attempts have been undertaken to uniformlylfsburg, Wolfsburg, Germany; and the zHeidelberg
erg, Germany. The authors have reported that they
015, accepted April 28, 2015.
AB BR E V I A T I O N S
AND ACRONYM S
AUC = area under the curve
CI = conﬁdence interval
IOA = interobserver agreement
LVHT = left ventricular
hypertrabeculation/
noncompaction
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1253deﬁne LVHT, no agreement about the echocardio-
graphic criteria for LVHT exists (3–5). There are only a
few reports about interobserver agreement (IOA) in
diagnosing LVHT (Table 1) (6–10). Previous studies
have only been carried out with observers from 1 echo-
cardiographic laboratory (6–8) or in a core laboratory
(9). Only in 1 study of pediatric cases did the observers
come from different echocardiographic laboratories
(Table 1) (10). To our knowledge, there is no study
about IOA between echocardiographers from different
laboratories in the echocardiographic diagnosis of
LVHT in adults. The aim of the present study in adults
was to assess IOA between 3 echocardiographers from 2
laboratories when diagnosing LVHT according to
criteria that had been developed previously in a pilot
study (11).SEE PAGE 1258METHODS
PATIENTS AND CONTROLS. Two experienced echo-
cardiographers (A.B. and C.W.) who were not involved
in the reviewing process selected echocardiographic
recordings from LVHT cases from the echocardio-
graphic databases of 2 cardiology departments (Klini-
kum Wolfsburg and Krankenanstalt Rudolfstiftung).
They were unaware of the clinical data of the patients.
Additionally, they selected controls (“not-LVHT”)
from the same echocardiographic databases on the
basis of matching age and degree of systolic function
and no mention of LVHT in the echocardiographic
report. Excluded from the control group were patients
with congenital heart disease, recent myocardial
infarction, aortic regurgitation and aortic stenosis, and
bedside and emergency echocardiographic in-
vestigations. Systematic family screening for cardio-
myopathywas not carried out in either LVHT or control
patients. Patients and controls were investigated by
different echocardiographers between 2009 and 2013
by using the echocardiographic machines VIVID5,
VIVID S6, and VIVID 9 (General Electric, Fairﬁeld,
Connecticut). The echocardiographic deﬁnition ofTABLE 1 Studies About IOA in the Diagnosis of LVHT
First Author (Ref. #) Patients Observers’ Afﬁlia
Brescia et al. (7) Children 1 echocardiography
Zuckerman et al. (10) Children 2 echocardiography
Kohli et al. (8) Adults 1 echocardiography
Habib et al. (9) Adults Core echocardiograp
Saleeb et al. (6) Children 1 echocardiography
Present study Adults 2 echocardiography
IOA ¼ interobserver agreement; LVHT ¼ left ventricular hypertrabeculation/noncompacLVHT was the same in both laboratories and
had been developed in a pilot study (11).
In order to enable blinded review, names
and birth data of the patients were removed
from the cine-loops by 2 of the authors (A.B.
and B.Gr.) who were not involved in the
reviewing process. They stored the anony-
mized cine-loops on discs by randomly mix-
ing the sequence of LVHT cases and controls.
Additionally, they recorded the following de-
mographic and clinical data from LVHT patients and
controls: age at echocardiographic examination, sex,
left ventricular ejection fraction, and left ventricular
end-diastolic diameter.
REVIEW OF THE CINE-LOOPS. Three observers with
20 to 29 years’ experience in diagnosing LVHT (R.E.,
B.Ge., and C.S.) independently reviewed the anony-
mized echocardiographic recordings. Two observers
(R.E. and B.Ge.) came from the same echocardio-
graphic laboratory. Each observer reviewed the ano-
nymized cine-loops by him or herself at different times
without the presence of any other observer
and blinded to the initial diagnosis and the other ob-
servers’ results.
DIAGNOSTIC CRITERIA. LVHT was diagnosed if all of
the following criteria, developed in a previous pilot
study, were fulﬁlled (11):
1. >3 prominent trabecular formations at the endo-
cardial side of the left ventricular myocardium
visible in end-diastole, distinct from papillary
muscles, false tendons, or aberrant bands;
2. a noncompacted part of a 2-layered myocardial
structure formed by these trabeculations, best
visible at end-systole;
3. a ratio of>2:1 of the noncompacted to the compacted
myocardial layer measured at end-systole; and
4. perfusion of the intertrabecular spaces from the
ventricular cavity at end-diastole on color-Doppler
echocardiography or contrast echocardiography.
According to a preset form, the 3 observers assessed
whether any of the criteria were present or not. Thetions Number of Cases Agreement on LVHT, %
lab 242 82
labs 58 86
lab 202 87
hy lab 154 68
lab 104 67
labs 100 65
tion.
FIGURE 1 Flow Chart of the Review Process
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Flow chart showing the review process of the cine-loops
regarding the presence (LVHT) or absence (not-LVHT) of LVHT.
LVHT ¼ left ventricular hypertrabeculation/noncompaction.
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1254diagnosis of LVHT was made ﬁrst by an eyeball eval-
uation and then, in suspected cases, by off-line mea-
surements of the compacted and noncompacted
myocardial layers, documented on printouts.
REVIEW OF THE DISCORDANT AND QUESTIONABLE
CASES. The 3 observers met to review and discuss
discordant cases. It was recorded whether they found
an agreement or not andwhich factorsmight have been
responsible for discordant assessments. For cases that
remained questionable, the methods by which a deﬁ-
nite diagnosis could be achieved were assessed and
whether LVHT was conﬁrmed or excluded.
STATISTICAL ANALYSIS. All data were transferred to
an Excel version 14.0.7153.5000 (Microsoft, Redmond,
Washington) data ﬁle for statistical analysis. Agree-
ment between the observers was estimated using the
kappa measure of concordance. To calculate kappa,
the Software R version 2.10.1 (R Foundation for
Statistical Computing, Vienna, Austria) and the pack-
age “epibasix” version 1.1 were used. A kappa ranging
from 0.21 to 0.40 was classiﬁed as “fair,” from 0.41 to
0.60 as “moderate,” from 0.61 to 0.80 as “substantial,”
and >0.80 as “almost perfect.” Group comparisons for
differences of mean values from noncategorical data
were carried out by the Student t test. Categorical data
were analyzed by the 2-sided Fisher exact test.
RESULTS
PATIENTS AND CONTROLS. Cine-loops of 100 pa-
tients (42 women, ages 16 to 92 years), 50 from each
center, were selected. In 51 of these patients, LVHT had
been diagnosed according to the echocardiographic
report (Klinikum Wolfsburg n ¼ 31, Krankenanstalt
Rudolfstiftung n ¼ 20) and in the 49 controls (not-
LVHT), 1 or more of the following diagnoses had been
established: heart failure (n ¼ 15), syncope (n ¼ 2),
stroke/embolism (n ¼ 4), dilated cardiomyopathy
(n ¼ 3), coronary artery disease (n ¼ 16), hypertensive
heart disease (n ¼ 19), and hypertrophic cardiomyop-
athy (n¼ 1). The left ventricular end-diastolic diameter
ranged from 32 to 78 mm, and the left ventricular
ejection fraction from 4% to 88%. In none of the LVHT
or control cases was a familial cardiomyopathy known.
AGREEMENT BETWEEN THE OBSERVERS. After
reviewing the cine-loops, the 3 observers agreed in
65 cases about the presence (n ¼ 29) or absence (n ¼
36) of LVHT (Figure 1). The remaining 35 cases were
discordantly assessed by the 3 observers. Agreement
was classiﬁed as “substantial” for all 3 observers and
was slightly higher among the observers R.E. and
B.Ge., who came from the same echocardiographic
laboratory (kappa 0.793 [95% conﬁdence interval (CI):
0.672 to 0.915]), than among R.E. and C.S. (kappa0.628 [95% CI: 0.472 to 0.784]) and B.Ge. and C.S.
(kappa 0.669 [95% CI: 0.521 to 0.818]), who came from
different echocardiographic laboratories. By mutually
reviewing the discrepant 35 cases, a consensus was
achieved about the presence (n ¼ 8) or absence
(n ¼ 16) of LVHT. In the remaining cases, no con-
sensus could be achieved, and the diagnosis re-
mained questionable (n ¼ 11).
AGREEMENT WITH THE INITIAL DIAGNOSIS OF
LVHT. In 51 of 100 patients, LVHT had been diag-
nosed initially. In only 27 of 51 patients with initially
diagnosed LVHT was the diagnosis conﬁrmed by all
observers (Figure 1). In the remaining 24 patients
with initially diagnosed LVHT, all observers excluded
the diagnosis (n ¼ 3), or the results were discordant
(n ¼ 21). By mutually reviewing these discordant
cases, the diagnosis of LVHT was conﬁrmed in 8 cases
and excluded in 3 cases. In the remaining 10 cases,
the diagnosis remained questionable.
AGREEMENT WITH THE INITIAL DIAGNOSIS not-LVHT.
In 49 of 100 patients, LVHT had not been diagnosed
initially (not-LVHT). In only 33 of 49 not-LVHT cases,
absence of LVHT was conﬁrmed by all observers. In
the remaining 16 not-LVHT patients, all observers
diagnosed LVHT (n ¼ 2), or the results were discor-
dant (n ¼ 14). By mutually reviewing these discordant
cases, the diagnosis of LVHT was excluded (n ¼ 13) or
remained questionable (n ¼ 1).
REASONS FOR DISCORDANCE. By mutually review-
ing the discordant cases, the following reasons for
FIGURE 2 Overdiagnosis in a Small Left Ventricle
Apical 4-chamber view in systole (A) and diastole (B) of a patient with the initial diagnosis of left ventricular hypertrabeculation/noncompaction. After review and
repeated echocardiography, the diagnosis was excluded because the mid-ventricular trabeculations are only visible during systole (A). Left ventricular hyper-
trabeculation/noncompaction has been overdiagnosed in this patient with a small left ventricle and thickened myocardium due to problems in differentiation between
parts of the posterior wall and apical trabeculations. In diastole (B), trabeculations in the left ventricular apex are visible, but not a 2-layered myocardial structure.
LA ¼ left atrium; LV ¼ left ventricle; RA ¼ right atrium; RV ¼ right ventricle.
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1255discordance were identiﬁed: 1) poor image quality,
especially in visualizing the apical regions; insufﬁcient
imaging planes visualizing the left ventricle in the
apical 4-chamber view; 2) problems in differentiationFIGURE 3 Overdiagnosis Due to an Aberrant Band
Apical 4-chamber view in systole (A) and diastole (B) of a patient with th
ventricular hypertrabeculation/noncompaction was suspected by 2 of the
by cardiac magnetic resonance imaging. An aberrant band crossing thebetween parts of the posterior wall and apical trabe-
culations in end-systole in cases with small left
ventricles and thickened myocardium (Figure 2); and
3) differentiation between aberrant bands, chordaee initial diagnosis of no left ventricular hypertrabeculation/noncompaction. The diagnosis of left
observers and remained questionable after joint review. Eventually, the diagnosis was excluded
left ventricular apex, visible in systole (arrow) may have contributed to the uncertainty.
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1256tendineae; abnormally sized or inserting papillary
muscles, and localized calciﬁcations of the endocar-
dium and trabeculations (Figure 3).
DIAGNOSIS OF QUESTIONABLE LVHT. In 11 cases, the
diagnosis of LVHT remained questionable even after
mutually reviewing the cine-loops. Two examples are
given in Figures 2 and 3. In 10 of these patients, the initial
diagnosis had been LVHT, and in 1 patient, not-LVHT.
Patients with questionable LVHT had either a 2-layered
structure with a ratio of noncompacted:compacted >2
but <4 trabeculations in 1 imaging plane (n ¼ 4) or >3
trabeculations but a ratio of noncompacted:compacted
layer <2 (n ¼ 7). All 3 observers agreed that in these
11 questionable cases, follow-up echocardiographic
investigations and additional investigations such as
contrast studies, 3-dimensional echocardiography,
and cardiac magnetic resonance are necessary for
conﬁrmation or exclusion of LVHT.
DIAGNOSTIC MEASURES FOR THE QUESTIONABLE
CASES. All of the 11 questionable cases eventually
underwent additional imaging studies. The initial
diagnoses of these 11 cases were LVHT in 10 cases and
not-LVHT in 1 case. Repeated transthoracic echocar-
diography with contrast or transesophageal echocar-
diography conﬁrmed LVHT in 7 cases and excluded
LVHT in 1 case with the initial diagnosis of LVHT
(Figure 2). In 3 further cases, cardiac magnetic reso-
nance conﬁrmed (n ¼ 2) or excluded (n ¼ 1) LVHT in 1
case with the initial diagnosis of not-LVHT (Figure 3).
ASSOCIATIONOF CLINICAL PARAMETERSWITH DIAGNOSTIC
AGREEMENT. No association was detected between the
IOA and patients’ age (area under the curve [AUC]:
0.59). There was a tendency that IOA was lower in
patients with smaller left ventricles (AUC for left
ventricular end-diastolic diameter 0.68) and better
systolic function (AUC for left ventricular ejection
fraction 0.69) than in patients with enlarged left ven-
tricles and decreased systolic function.
DISCUSSION
This study shows that among echocardiographers
who have experience for several years with the
diagnosis of LVHT, IOA concerning the diagnosis of
LVHT is substantial. However, the observers agreed
with the initial report of presence of LVHT in only
53% and of the absence in only 67% of the cases. Even
after mutually reviewing the discordant cases, in 11%,
the diagnosis of LVHT remained questionable.
Our results are similar to previous studies that
have found that the reproducibility of diagnosing
LVHT by accepted criteria is poor (Table 1). In the study
by Saleeb et al. (6), 2 observers from the same echo-
cardiographic laboratory reviewed echocardiogramsof 104 children with the initial diagnosis of LVHT and
100 matched controls, and identiﬁed only 67% of the
LVHT cases correctly. In that study, generally, agree-
ment between observers was better than agreement
between either observer and the initial report. A
further study from a registry among adults reported
that a core laboratory consisting of 2 to 4 independent
experts in echocardiography conﬁrmed the diagnosis
of LVHT in only 105 of 154 cases (68%) (9).
Improving IOA in the diagnosis of LVHT is not only
an academic need. Overdiagnosis of LVHT may
become clinically relevant and have an impact on a
patient’s career, especially if he or she is an athlete
(12). A recently published case report shows that even
among experts, the measurements of the myocardial
layers and thus establishing the diagnosis of LVHT
varies considerably when examining the same patient
(13). Overdiagnosis of LVHT may also have an impact
on prevalence studies. It has been shown by a study
in patients with heart failure that the prevalence of
LVHT is dependent on the diagnostic criteria (8).
STUDY LIMITATIONS. One of the limitations of our
study was that the analysis was restricted to cine-
loops. Thus, it was not possible to obtain additional
views in the questionable cases. The echocardio-
graphic diagnosis of LVHT requires imaging in several
imaging planes. The number of trabeculations can be
counted best in apical views in end-diastole, whereas
the 2-layered myocardial structure can be visualized
and measured best in short-axis views in end-systole,
especially in the apical regions. Lack of adequate
recording of these multiple planes makes the diag-
nosis of LVHT difﬁcult. A further limitation is that
assessment of intraobserver agreement was not part
of the protocol because of the following reasons: 1)
the initial diagnosis was obtained by several echo-
cardiographers and not only by the authors of the
study; and 2) when jointly reviewing the discordant
cases, the observers were aware about their and the
others’ diagnoses. A further limitation is that we did
not consider for the analysis the anatomic location
where the measurements of the noncompacted and
compacted myocardial layers were carried out.
Practical implications of our study are that echo-
cardiographers should be aware of the problems in the
diagnosis of LVHT and the high interobserver vari-
ability. The lack of a reference method as a gold
standard for the diagnosis of LVHT complicates the
diagnostic process. Even the pathoanatomic diagnosis
of LVHT is not always clear-cut (14,15). Uncertain cases
should be presented to experienced investigators from
other echocardiographic laboratories before estab-
lishing the diagnosis. But even joint review of ques-
tionable cases cannot solve all diagnostic problems. In
PERSPECTIVES
COMPETENCY IN MEDICAL KNOWLEDGE: Among echo-
cardiographers who have long-time experience of several years
with the diagnosis of LVHT, IOA concerning the diagnosis of
LVHT is substantial. However, the observers agreed with the
initial report of the presence of LVHT in only 53% and of the
absence in only 67% of the cases. Even after mutually reviewing
the discordant cases, in 11%, the diagnosis of LVHT remained
questionable.
TRANSLATIONAL OUTLOOK: It has to be acknowledged
that the echocardiographic diagnosis of LVHT is not always
clear cut. There remain questionable cases in which further
investigations by different imaging methods such as magnetic
resonance imaging or contrast echocardiography are needed,
and sometimes no consensus can be achieved. Cooperation
between experts in imaging techniques and from different
laboratories is warranted to overcome these problems and to
develop uniformly accepted and easily applicable diagnostic
criteria for LVHT.
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1257these cases, repeat echocardiography using contrast or
transesophageal echocardiography may solve the
problem. Cardiac magnetic resonance or 3-dimen-
sional echocardiography may be further options, but it
has to be kept in mind that the diagnostic criteria for
LVHT by cardiac magnetic resonance are not well
anatomically controlled and that IOA for these tech-
nologies has only been assessed sporadically (16,17).
CONCLUSIONS
We conclude that it has to be acknowledged that the
echocardiographic diagnosis of LVHT is not always
clear-cut. There remain questionable cases in which
further investigations are needed. Cooperation be-
tween physicians and experts in imaging techniques
is warranted to overcome these problems and to
develop uniformly accepted and easily applicable
diagnostic criteria for LVHT.
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